Abstract. This paper analyzes the stability of the rectangular thin plate with sinusoidal changes in the plate thickness combined with initial curvature based on the large deflection theory. The buckling load for simply supported plates is defined using the energy method. The influence of the thickness variation parameter and the initial curvature parameter on the crit ical loads is investigated .
INTRODUCTION
Plates and shells as structural elements are seldom perfectly fl.at and of uniform thickness and the amount of init ial curvature and variable thickness can affect the load-carrying capacity of structures. Recently, the problem of the influence of the thickness variation and the initial curvature on the buckling load has been researched by several authors, such as Timoshenko [1] , Elishakoff et al [2] , Zhiming [3] , Yeh et al [4] , Mateus et al [5] , Nguyen and Tran [6] , Ciancio [7] .
In this paper, based on the theory of plates of large deflection, the stability study of imperfect rectangular thin plates with initial curvature and variable thickness is a major object. The energy method is used to determine the critical load factor of plates with variable thickness combined with initial deflection. The influence of the thickness non-uniformity parameter and the initial curvature parameter to the buckling load is investigated. General asymptotic formulae for the buckling load are derived and numerical results are investigated for compressive plates with the simply supported boundary condition ( Fig. 1 ).
ENERGY APPROACH
This section aims at the study of the combined effect of thickness variation and initial imperfection on the buckling behavior of the rectangular thin plate. The simplest approach to the problem is a direct discussion of t he energy criterion of elastic stability by means of the second variation of the potential energy. The energy method permits us to determine the buckling load of imperfect plates with variable thickness, as illustrated in [2] . Here, we consider the small thickness variation, and as a first approximation, only the terms up to the first order of thickness variation parameter are retained. The final product of this discussion is an equation that relates the variation parameter and the initial imperfection amplitude to the buckling load factor for the plate.
We assume that the displacement in the fundamental state is uo(O, 0, wo). with µ is the non-dimensional parameter describing the magnitude of the imperfection; q is the wave number of the initial curvature function. We assume that the plate thickness h here is varying with sine function in x direction:
where ho is the plate constant thickness and E, p are the non-dimensional parameters indicating the magnitude and wave of the t hickness variation, respectively. When x = 0 and x = a, one has h(x) = ho, for the case x = a/2: one has h(x) = ho(l-E) (Fig. 2) . The thickness parameter c is positive in order to achieve a detrimental effect by a "thinning" of the wall thickness. The parameters€,µ vary from zero to 0.2.
A deflection from the fundamental pre-buckling state is described by :g_ (u, v, w) .
Membrane strain energy of the rectangular thin plate is :
Bending strain energy reads
For the rectangular thin plate under compression load N, the potential energy of the applied load t akes the form
where wo is the geometric initial imperfection.
Thus, the total potential energy reads (2.6)
In the case of large deflection, the strain -displacement increments relations are of the forms [1] , [2] : In the isotropic case, expression (2.8) is the total potential energy with:
and v is Poisson's ratio, E is the modulus of elasticity. The energy variation is performed at the fundamental pre-buckling state ( [2] ). Rejecting the fourth variation of the potential energy from expression (2.8) , one obtains: (2.9) where the bilinear term Pn [uo, u] If the rectangular plate is simply supported around the periphery and edges are immovable in the plane of plate, then the boundary conditions are:
In applying the energy method, we must assume suitable expressions for the displacements u, v, w. The proposed displacement functions chosen for this case are given by the fo llowing series: 
DETERMINATION OF THE BUCKLING LOAD FACTOR
When the rectangular plate is simply supported, the number of sine-half-waves in series functions can be chosen as: m = n = p = 1, q = 3 and we obtain: w 0 = -µh 0 sin ( 3 :x) and
. We receive the same formula for a simply supported square plate with constant thickness and v = 0.3 in [1] and [6] : 
ANALYSIS AND DISCUSSION
In order to investigate the variation of the buckling load for the plate due to the small thickness variation and the initial curvature, the influence of the thickness parameter c and the initial curvature parameter µ is studied. The following figures are presented for square plates (r = 1) with v = 0.3. From Eq. (3 .5) , the relationship between,\ andµ is shown in Fig. 3 for different values of E, the relationship between ,\ and E is shown in Fig. 4 for different values ofµ . The combined effect of the thickness variation and the initial imperfection on the buckling load is illustrated in Fig. 5 .
The results obtained show that , when the initial imperfection is present, the combination of the initial imperfection and the thickness variation reduces the buckling load factor even more drastically. When the amplitude of the thickness variation and the initial imperfection amplitude are E = 0.1 , µ = 0.2 , the buckling load factor of plate is reduced by 28 .23 . If the effect of thickness variation is not considered, the buckling load factor of plate is reduced by 8.23 for µ = 0.2 from its counterpart of the case with constant thickness. In this case, when E: = 0.2 , µ = 0.2, the buckling load factor ,\ decreases up to 48.53 . 
CONCLUSION
In this paper, the energy expressions for imperfect plates have been given in the case of large deflection. Based on these expressions, a detailed study of the imperfect rectangular thin plate with thickness varying along the x-axes with sine functions has been presented. The formul ae for the buckling load have been derived using the energy method.
